Strategic product planning (SPP) for new product development (NPD) in the front-end of innovation (FEI) is a great challenge for managers and practitioners. This article analyzes the structuring process of FEI activities during SPP. A research was carried out with 78 industries from both food and furniture in Brazil. Our study revealed that FEI activities are structured in an intricate network with a high level of complexity and interdependence. The large amount of activities and the complexity in structuring them denote that companies are concerned to reduce uncertainties and risks intensifying the planning phase.
Introduction
The international competition, the market with sophisticated customers and the technological change have put the NPD in the spotlight (Clark & Fujimoto, 1991) . The NPD process the earliest stage, the so-called FEI, has been reported by literature (Cooper, 1988; Koen et al., 2014; Verworn et al., 2008) as critical to determine new product success. This stage has been defined by Cooper (1988) as predevelopment activities of the new product process and encompasses activities in the following groups: the idea generation, the product definition and the project evaluation. Khurana & Rosenthal (1998) have defined the front-end of NPD as a set of activities divided into the following phases: pre-phase zero, phase zero and phase one. Kurkkio et al. (2011) classifies FEI activities into the following stages: the informal start-up, the formal idea-study, the formal pre-study, the formal pre-project. Koen et al. (2014) divide the FEI into the following activities: opportunity identification, opportunity analysis, idea generation, idea selection and concept definition.
From analysis in the innovation process in companies, Cooper (2014) highlights that more emphasis should be done in the front end, becoming it less fuzzy and clearer. This requires a lot of information and consequently activities to be developed in NPD. Front-end planning plays an important role in R&D activities do reduce uncertainties (Song et al., 2007) . In this context, structuring FEI activities is a crucial task. According to Markham (2013) , FEI should be well-established aiming to reach success.
Literature has studied FEI activities individually, focusing on one or another group of activities. Oliveira & Rozenfeld (2010) proposed a method to support the development of front-end activities based on integrating technology roadmapping and project portfolio management. Chan et al. (2011) proposed a model to integrate product design with market. Schoonmaker et al. (2012) have investigated marketing activities to enable the survival of innovative projects. Heising (2012) proposed an integration of ideation and project portfolio management for NPD success. Teller et al. (2012) investigated the formalization of project portfolio management. Riel et al. (2013) proposed a model for ideation activities in FEI. A work studying a significant set of activities in NPD is lacking in specialized literature.
Structuring front-end innovation activities throughout strategic product planning
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Theoretical foundation and hypothesis
Literature has highlighted several activities in NPD (Moeckel, 2009; Rozenfeld et al., 2006; Song & MontoyaWeiss, 1998) . A significant literature review is presented in the sequence. In this work, FEI activities are divided into the following groups: strategic scope, market scope and product portfolio scope, as follows.
Strategic scope
Strategic business plan (SBP) is a way to think the future of the firm's business in a competitive market. Competitive advantage can be created by means of business strategy, which describes how an organization decides to compete in the market in relation to its competitors (Porter, 1987) . SBP involves analysis of the environment to build the organization guidelines, determining the strategies and action plans aiming to achieve the goals of the organization. Kahn et al. (2012) have emphasized strategy as the most important dimension, which is associated with the following best practices: goals clearly defined and aligned with the organization mission and strategic plan, long-term view, the regular revision of projects, identification of opportunities to respond to market forces and new technology. Technological and market alignment is positively affected by strategic planning (Acur et al., 2012) . A scenario analysis is an important technique to increase the quality and effectiveness of strategic planning in FEI (Postma et al., 2012) and could be used to establish the main possibilities. Based on theory, we state the following hypotheses for the activity A1 (numbers within the parentheses will be used to identify activities in the final model):
A1. Define the scope to review the SBP (1) H1a. Establish scenarios for market and technologies (15) should be done before.
H1b. Examine the need to revise the strategy (16) should be done before.
H1c. It allows defining the plan -actors, tasks and deadlines (17).
Changes in the market cause uncertainties, increasing the risk of financial return (Mullins & Sutherland, 1998) . Regarding continuous changes in institutional and market areas, organizations are compelled to review SBP periodically in order to reduce risks and uncertainties. It is an opportunity to review the mission, goals, strategies and priorities in the strategic plan. Logically, this implies in reviewing the product portfolio. Strategic orientation directly affects the project portfolio structuring, as suggested by Meskendahl (2010) . In addition, Marzagão & Carvalho (2014) emphasize that companies need to use feedback on the results of projects in strategic planning.
The external environment requires actions on both sides: market and suppliers. Literature has highlighted the importance to develop a relationship with both customers and suppliers as a source of innovation. Smals & Smits (2012) pointed out that the partnership with supplier is essential to reach long-term competitiveness by means of sustained innovation. Sometimes partnership with more than one supplier could reduce technological, organizational and commercial uncertainties (Melander & Tell, 2014) . Cooper (1988) stated that companies should understand the market in the NPD earliest stage, avoiding product failure. The development of product innovation, according to Cooper & Edgett (2010) , requires high effort and encompasses several activities in the following areas: external environment and business. While the first area is focused on the market (opportunities, size and growth rate, competition, technology change, etc.), business is focused on core competencies (personal skills, the production process, resources, etc.). From theory, the hypotheses for the activity A2 are:
A2. Review the SBP periodically (2) H2a. Define scope of review of the SBP (1) should be done before.
H2b. Suppliers (18) should be consulted before.
H2c. Customers (19) should be consulted before.
H2d. Suppliers and customers (20) should be consulted before.
H2e. Identify constraints of resources, capability and competences (4).
H2f. It allows reducing risks and uncertainties in decision-making (21).
H2g. It allows analyzing the product portfolio subsequently (9).
In order to identify changes in market and technologies, firms need investing in financial resources and time as well as to keep the staff trained. Internal technological capability is a powerful determinant of technology investment effectiveness. Lee & Wong (2011) highlight the importance of improving technology and marketing synergies putting emphasis on learning practices for market and technology assessment, product testing, etc.
Corporate foresight is a strategic management practice to explore the business environment in product innovation (Ruff, 2015) . As scenario analysis is an important task to deal with future uncertainties, (Hanafizadeh et al., 2011 ) the organization could establish political, economic and technological scenario to evaluate commercial areas and design a portfolio for company investment. Firms adopting a long-term view are more likely to initiate planning focused on opportunities and threats (Harris & Ogbonna, 2006) . From theoretical foundation, the hypotheses for the activity A3 are:
A3. Identify changes in both market and technologies (3) H3a. It has to train professionals for both collection and interpretation data (22) before.
H3b. It has to invest in financial resources and time (23) The identification of resources, capabilities and competences constraints is essential to review the strategic business plan and to promote changes in product portfolio, determining the firms grow. Commitment with resource allocation as well as business's core competencies are important factors in innovation product strategy, highlight Cooper & Edgett (2010) . An earlier strategy adopted to provide resources is determinant for new product performance (Rodríguez-Pinto et al., 2012) . The firm's capability may be linked to marketing or operational, aiming to accomplish production goals. Both capabilities marketing operational have influence on financial performance (Kamboj et al., 2015) . At operational level, the interaction among activities in NPD could be studied earlier in the project planning, assessing uncertainties and risks that affects the project performance (León et al., 2013) .
Within the industry, the innovation process requires creativity skills by multidisciplinary team (Bocken et al., 2014) and the involvement of the staff in each department is essential. Cross-functional integration could improve NPD success, mainly in the case of high uncertainty and risk (Gemser & Leenders, 2011) . Leadership of managers is essential to integrate the staff, unifying efforts toward innovation (Hage et al., 2008 
Market scope
The perception of a market opportunity is a fundamental step in the NPD (Ulrich & Eppinger, 2011) . As the consumer market changes quickly, organizations need to perceive these trends aiming to integrate all relevant information about consumers in NPD. Market dynamics can influence the project performance (Lee & Wong, 2011) . In this context, marketing research, a critical task for the success of NPD, is important to identify market potential, costumer preferences and competitive activity (Song & Montoya-Weiss, 1998) . This contributes to identify trends in the market. As argued previously, investments and training are essential in the market area. Hence, the hypotheses for the activity A5 are:
A5. Evaluate existing products in the market (5) H5a. It has to train professionals for both collection and interpretation data (22) before.
H5b. It has to invest in financial resources and time (23) before.
H5c. It allows identifying trends in the Market (26).
By marketing, firms can make their innovations perceived by customers as higher values (Brenes et al., 2014) . The interactive process with customers allows the understanding of customers' needs as well as shaping future needs (Stanko & Bonner, 2013) . This allows firms to identify new trends in the market. In addition, from identification of customer value, performing tests and comparative performance analysis could be carried out, allowing investments in marketing to increase sales. By sensory analysis, customers can perceive the main characteristics of the product. There are several techniques for listening to customers (Van Kleef et al., 2005) . From these arguments, the hypotheses for the activity A6 are:
A6. Analyze customer value in a product (6) H6a. It has to train professionals for both collection and interpretation data (22) before.
H6b. It has to invest in financial resources and time (23) before.
H6c. Allows performing tests and comparative performance analysis (27) in order to invest in marketing (28), and consequently increasing sales (29).
H6d. It allows identifying trends in the market (26).
The choice of markets with great opportunities is the strategy for the success of innovations (Cooper, 2001) . The identification and assessment of new product opportunities are important elements to define the environment where the firm will compete, which can be evaluated by attractiveness and business strength (Cooper & Edgett, 2010) . According to Cooper & Kleinschmidt (1986) more emphasis should be done on market studies, especially on initial screening activities and preliminary market assessment. Market study for new products allows reveling new trends (Stanko & Bonner, 2013) . In order to develop this activity, the following elements are essential: market study, financial resources and time (Cooper, 1988) . According to Lee & Wong (2011) , more emphasis should be placed on learning practices, such as market assessment and test marketing. Thus, we state the following hypotheses for the activity A7 are: A7. Study the market for new products (7) H7a. It has to train professionals for both collection and interpretation data (22) before.
H7b. It has to invest in financial resources and time (23) before.
H7c. It allows identifying trends in the market (26).
From identification of market trends, market outlook for new opportunities allows reviewing SBP and reducing risks and uncertainties. Seeking for new opportunities in the market is a strategy to reduce uncertainty. According to Poskela & Martinsuo (2009) , market uncertainty is positively associated with strategic renewal. The hypotheses for the activity A8 are: A8. Generate market outlook for new opportunities (8) H8a. Identify trends in the market should be done before (26).
H8b. It allows reviewing the SBP subsequently (2).
H8c. It allows reducing risks and uncertainties in decision-making (21).
Product portfolio scope
After reviewing the business plan, an analysis in the portfolio may be required. New ideas should be established and pre-selected. Literature has highlighted the importance of customer integration in project portfolios (Tikkanen et al., 2007; Voss, 2012) . A good relationship with supplier could allow innovative ideas and solutions in NPD projects, according to Sjoerdsma & Van Weele (2015) . The relationship with suppliers could bring benefits for NPD; however, this involvement should be managed carefully due to risk with transactional inefficiencies, according to Yoo et al. (2015) . Therefore, the hypotheses for the activity A9 are:
A9. Analyze the product portfolio (9) H9a. Suppliers (18) should be consulted before.
H9b. Customers (19) should be consulted before.
H9c. Suppliers and customers (20) should be consulted before.
H9d. It allows establishing a list of ideas and pre-select them (10).
The ideas for new products can emerge internally or they can to generate from demand or market. The ideas are selected from criteria such as technical, commercial, strategic and financial (Chan et al., 2011) . Ideas considered important for the activities of FEI are selected, refined and then more formally studied (Kurkkio et al., 2011) . Considering the need for an agile NPD process, activities should be done more accelerated (Cooper, 2014) . In this context, the pre-selection of ideas could reduce the meeting time between the development team and managers and it could allow pre-test with new product ideas, minimizing the development time. From these concepts, the hypotheses for the activity A10 are:
A10. Establish a list of ideas and pre-select (10) H10a. Allows minimizing meeting time with development team and managers (30) H10b. Allows conducting pre-tests with new products ideas to be prepared for possible changes in the environment (11).
Normally new ideas require input materials and preliminary tests, which could be carried out by simulation or in a laboratory (Kurkkio et al., 2011) . This activity allows effectively proposing changes in the product portfolio and minimizing the development time of a new product. Hence, the hypotheses for the activity A11 are:
A11. Conduct pre-tests with new product ideas to be prepared for possible changes in the environment (11) H11a. It allows proposing changes in the product portfolio (13).
H11b. It allows the minimizing development time of new products (31).
Literature has stressed the importance in the developing relationship with stakeholders in NPD, especially customers and suppliers. Patanakul (2015) highlights that stakeholders should understand the main reasons in portfolio decision-making for the transparency purpose in the NPD process. An efficient communication process between the company and stakeholder is important to create confidence (Pokharel, 2011) . According to Kim & Wilemon (2002) , the relationship withal supporters and partners consist in part of the strategy to manage the front-end of innovation in NPD. Porter (1987) affirms that shareholder value is created in a portfolio strategy. Brem & Voigt (2009) state that, after consultation with stakeholders, a scenario analysis is important to transfer new ideas to the innovation process. Based on this background, we state that the interaction between organization and stakeholders would be important to establish a scenario in order to propose changes in the product portfolio. From this, the hypotheses for the activity A12 are: A12. Establish scenarios for portfolio -politic, economic, technology -(12).
H12a. Suppliers (18) should be consulted before.
H12b. Customers (19) should be consulted before.
H12c. Suppliers and customers (20) should be consulted before.
H12d. The top managers (32) should be consulted before.
H12e. Partners (33) should be consulted before.
H12f. Shareholders (34) should be consulted before.
H12g. It allows proposing changes in the product portfolio (13).
Changes in the product portfolio could bring new customers, affecting positively the financial performance; however, complementary technological capabilities could be necessary, implying investments in resources (Kang & Montoya, 2014) . Both review of ideas and portfolio selection must be periodic, observing the available resources and other constraints (Archer & Ghasemzadeh, 1999) . Depending on the product, pilot plant tests would be necessary for feasibility analysis (Frishammar et al., 2012) . Thus, the hypotheses for the activity A13 are:
A13. Propose changes in the product portfolio (13) H13a. Identify resources, capability and competences constraints (4) should be done before.
H13b. Conduct pre-tests with new products ideas to be prepared for possible changes in the environment (11) should be done before.
H13c. It allows sorting and prioritize ideas -approve, reject or freeze (35).
H13d. It allows the company to maintain and to gain new customers (36) to be more competitive (37).
Managers should balance the portfolio of products, examining the components as a whole. This activity aims to achieve equilibrium between short and long-term projects or high and low risk, following the business strategy (Project Management Institute, 2013) . Many projects in the portfolio ends up competing with resources, jeopardizing the company (Archer & Ghasemzadeh, 1999) . Therefore, a balanced portfolio reduces risks and uncertainties in decision-making.
After the selection of ideas about a new product, portfolio management is the next step. Portfolio management is defined by Project Management Institute (2013) as centralized management of one or more portfolios, including identification, prioritization, balancing, authorization, management and control of projects, programs and other works, aiming to reach the goal of the business. There are different manners to manage portfolios (Kester et al., 2009) . Portfolio management should be formalized, mainly for those with a high level of complexity, aiming to reach a positive impact on their performance (Teller et al., 2012) . The organization shall review and document the portfolio. The connection between customer and portfolio management has a positive impact on project portfolio success and is a way to better satisfy customer needs, according to Voss (2012) . After balancing the portfolio, the organization should formally authorize the project planning for one or more products of the portfolio, and then carry out the report on the review of the product portfolio. Finally, the project may be approved or not by executive team. From theory, the hypotheses for the activity A14 are:
A14. Balance the portfolio of products (14) H14a. Sorting and prioritize ideas (35) should be done before.
H14b. Determine criteria for portfolio management (38) should be done before 
Methods

Research
The survey was carried out in the small, medium and large industries in Brazil. In this study, both food and furniture industries were chosen because these kinds of industries normally develop intense activities in NPD, featuring a wide portfolio of products. The research was carried out with managers who are decision makers responsible for R&D in companies.
A structured questionnaire was answered by 78 industries, 40 from the food sector and 38 from the furniture sector. In the first part of the questionnaire the following institutional information was requested: the productive sector (food or furniture), the size of industry (small, medium, large), formalized NPD (yes or not), production system (push type or pull type), innovation (radical and incremental). In this work, the number of employees defines the size of industries. In the second part of the questionnaire, two kinds of questions for each activity were made: firstly, on the frequency of conduction that activity using a Likert scale (never, almost never, sometimes, often, or always); secondly on the agreement with the statements (based on the hypothesis of the literature).
Statistical analysis
Hypothesis were tested for both frequency of activities developed by industries (A1…A14) and statements (H1a… H14e). The tests are done for proportion, taking into account the standard deviation σ = sqrt [p o *(1 -p o ) / n], the z-score = (p -p o )/σ and the p-value = 1-P (Z < z) with 95% confidence, where p is the proportion of the sample, p o is the proportion of the population and n is the sample size. In this study, we assume the proportion of the population as fifty per cent (majority rule). We have established the following tests (Equations 1 and 2):
Model analysis
All hypotheses that are accepted are displayed in a Strategic Map. A preceding activity is linked to a subsequent activity. The links depend on the established hypotheses. For instance, considering the hypotheses (H1a and H1c linked to the activity A1) being tested and accepted, we have the following situations: Establish scenarios for market and technologies (A15) should be done before A1; Define the scope to review the SBP (A1) allows defining the plan -actors, tasks and deadlines (A17). In this case, the sequence in the map is presented as follows (Figure 1) . Analysis to be carried out consists in observing the fundamental properties of maps (Eden, 2004) . The activity with no out-arrow is a head and the activity with no in-arrow is a tail. Heads are goals to be reached while tails are options to develop strategies to reach goals. Activity linked to several arrows (immediate domain) are the most central and complex. The analysis of properties in this paper involves:
The map complexity analysis takes into account arrows and activities in order to assess the interconnected network density. In other words, a dense map has much more arrows than activities. Let A be an arrow and C be an activity in the map. The complexity ratio (CR) is determined according to Equation 3. Higher ratio means that the map is densely connected, indicating a high level of complexity.
The domain analysis allows seeking the centrality of the issue. Complex activities in terms of the domain are those most central. In practical terms, the domain analysis allows finding the main options and strategies to reach goals. For each activity, considering in-arrows (A in ) and out-arrow (A out ) linked to it, the immediate domain (ID) is determined by Equation 4. 
Results
The survey shows that, in both sectors, most of the industries studied adopt the formalized NPD process. The production system in the food sector depends on the industry while in the furniture sector most of the industries adopt a production pull system. Most industries have adopted incremental innovation. The profile of the industries surveyed is shown in the Table 1 . In this study, NPD activities are developed by the industries often or always. Table 2 shows the percentage of each activity developed by the companies (p%), the z-score, the p-value and the decision. All the hypotheses proposed on the frequency of developed activities presented in the Theoretical foundation (A1…A14) were accepted as shown in the Table 2 . Table 3 . For instance, the activities A9 (H9) and A12 (H12) obtained the highest number of rejected hypothesis, which are linked stakeholders consulting to define product portfolio. The hypotheses H1b (Examine the need to revise the strategy) and H8b (review the SBP after generate market outlook) were accepted by food and rejected by furniture industries. On the contrary, the following hypotheses were accepted by furniture, but they were rejected by food industries: H3e (suppliers and customers should be consulted before identify changes in market and technologies), H12e (partners should be consulted before establish portfolio scenario) and H12f (shareholders should be consulted before establish portfolio scenario). From the accepted hypotheses, models for both food and furniture industries are presented in the Figure 2 and Figure 3 , respectively. Activities in the FEI are structured in an intricate network with a high level of complexity (CR=1.2). As can be seen in the maps, activities are not linear. There is a high level of interdependence among them. Some activities are related to more than one scope.
The domain analysis (Table 4) indicates that activities with high immediate domain (ID) are most complex and consequently are the most central.
The ID (Table 4) 
Discussion
According to the final model (Figure 2 and Figure 3 ), all activities are structured in a dense and intricate network with a high level of complexity, and hierarchically. The index (CR) to measure the complexity level of the model found here is near the typical ratio expected by Eden (2004) . Some activities belong to one scope (strategic, market or portfolio) while others are related to more than one scope. According to Griffin et al. (2014) , the innovation process is not linear for radical innovations. A great part of industries surveyed here is incremental. Even for this kind of innovation, our study reveals that activities in FEI are not linear. Some activities could be developed in parallel, but there are activities that should be developed subsequently to others. A high level of interdependence among activities is verified. Some activities behave as options and other as strategies to reach goals. The model is presented hierarchically structured, following the concepts pointed out by Clark (1985) . Regarding the actors' cognitive effort to structure activities in NPD, the hierarchical structure can be explained from the psychological point of view. Aiming to understand his world, the human being tends to organize concepts hierarchically, building constructs superordinate to others (Eden, 1988) .
Our research shows that reducing risks and uncertainties in decision-making is the main companies' concern for Strategic, Market and Portfolio Scopes. This can be observed in the model of both sectors. The SPP developed by companies foresees a large number of activities in FEI in order to obtain relevant information. According to Kim & Wilemon (2002) , reliable information can reduce uncertainties in the front-end. In this sense, Mendes & Toledo (2012) studied the FEI practices of a set of medical-hospital equipment industries and one of the recommendations was that these industries need to reduce the uncertainties inherent in pre-development by considering a system of information that includes strategic, market, technological and organizational information.
The identification of changes in market and technologies depends on training professionals to collect and to interpret data. This result is in accordance with the theory (Lee & Wong, 2011) . Analysis of customer value in a product allows identifying trends in the market and performing tests and comparative analysis, and depends on training and investments in resources. Literature has highlighted the importance of industries in maintain stakeholder engaged in NPD. Our study reveals that food industries do not consult customers and suppliers to identify changes in the market. Instead, they prefer to perform sensory analysis. As for partners and shareholders, only furniture industries consult these stakeholders to establish a scenario for product portfolio.
Changes in the product portfolio depends on the constraints of resources, capability and competencies, performing tests of new products and scenarios. This is in accordance with theory. Balancing the portfolio of products has impact on risk minimization. This result is in accordance with the proposition done by Archer & Ghasemzadeh (1999) . Reviewing the SBP has impact on risk minimization. Dynamic environments offer opportunities for change (Aspara et al., 2011 ) and, in turn, changes could accentuate risks and uncertainties (Calantone et al., 2003) .
Conclusions
A large amount of activities has been developed by industries in FEI. Our study revealed that, excepting some specificities between sectors or companies, there is a basic group of activities common to industries. This is supported by the high percentage of industries that develop the same activities often or always. The large amount of activities and the complexity in structuring them denote that companies are concerned to reduce uncertainty and risk by intensifying the planning phase. Our work has two implications for both theoretical and managerial areas. First of all, our results show that activities in FEI are interrelated and hierarchically structured. This changes the current view on structuring activities in NPD. Activities are not merely a roll for ordering in a whole manner due to the high level of interdependence among them. A possible prioritizing process should take into account such aspects. This insight can guide future research on the prioritizing process for decision-making. As for the strategic planning in FEI, more focus should be done by researchers on the information system concerning three Scopes (strategic, market and portfolio) in order to reduce risks and uncertainties in decision-making as early as possible, a concern great companies. Complementing the theoretical contribution, we can highlight the methodology employed in this work. The approach combining survey and Cognitive Maps is a novelty so far and it can be guide other researches.
The second implication is related to managers and practitioners in NPD, since the model can guide them in structuring FEI activities throughout SPP. A flexible process is necessary in order to take into account the need of companies and the specificities of each project (Dibrell et al., 2014; Nobelius & Trygg, 2002) . Anyway, the model can help this complex task in the following manner: the interdependence among activities in terms of preceding-subsequent actions can aid managers and practitioners to define the sequencing of its development; the company's concerns and its objectives are clearer from the strategic map; the main strategies and the main options to develop them are evidenced in the map; the uncertainties are reduced taking into account all the necessary information in the initial planning.
The model found here highlights the interconnection with diverse Scopes and areas. Hence, the contribution from all departments is important in FEI during SPP, requiring a greater integration within the company. Another aspect is that, in this work, the model is and the outcome of food and furniture industries, but it could be applied to any organization from any sector. Regarding the specificity of each company and each project as well as the fuzziness characteristics of the FEI, mainly due to elements such as complex information and tacit knowledge in a conflicting organizational environment, the model contributes for the NPD area, regarding the necessary flexibility to deal with the interrelated activities in FEI. Finally, further research could be carried out in other sectors for the comparative purpose.
There are a lot of activities in NPD and this work covers a significant part of them. As this research is limited to a certain set of activities, other possibilities could be explored in future works. For instance, Technology Roadmapping can be integrated into the front-end of new product development, allowing the alignment of business and communication of product innovation goals (Oliveira & Rozenfeld, 2010) . Future research could be test Technology Roadmapping and other activities in order to improve the model.
